Abstract. As electromechanical actuators (EMA) play an increasingly important role in flight control systems, effective fault diagnosis for them has become an important subject. Considering the actual situation and the cost of setting up the fault, this paper establishes the simulation model of EMA, and realizes the fault diagnosis using neural network: firstly, the simulation model of EMA is built in AMESim, and the characteristic parameters which can represent the working state of EMA are selected, and the original fault data are obtained by fault injection. Then wavelet analysis is used to extract fault features to train BP neural network. The results show that the diagnostic accuracy is more than 95% when the parameters are set reasonably, and the validity of the method is verified.
Introduction
With the continuous development of aircraft, the requirements of actuator in volume, weight, performance will be higher. Electromechanical actuator has the advantages of simple structure and easy maintenance [1] , so we will continue to study it in depth. The electromechanical actuation system is in the severe high pressure, high temperature and continuous working environment for a long time, which will result in fatigue and wear failure [2] and will affect the normal flight of the aircraft. So it is necessary to diagnose the servo actuators of flight control system effectively to avoid serious consequences.
Increased industrial automation makes it possible to obtain large amounts of state data, therefore, data-based fault diagnosis method is becoming more and more important [3] . The fault diagnosis method used in this paper needs a large number of electromechanical actuator fault data as a sample, but considering the actual situation and the cost of setting up the fault. Therefore, the method of simulation is adopted to obtain the data, and the original data for training and verification is obtained by injecting the fault into the model.
Method of Feature Extraction and Fault Diagnosis

Method of Feature Extraction
EMA is a position servo mechanism, which can be directly monitored by observing its response to position signals. However, when some parts or components fail, it is not possible to read effective fault information directly from location signals, so we need to find some representative fault characteristics besides location signals.
Through the verification of reference [4] , the DC bus current can be used to diagnose the fault of the electromechanical actuator, so this paper selects the bus current as the original data to select the fault characteristics.
Because the current signal is a non-stationary signal, further fault feature extraction is needed. At present, the main extraction methods are short time Fourier transform, Hilbert-Huang transform, wavelet transform and so on. The short time Fourier transform uses the sliding window to intercept the signal many times, then carries on the Fourier analysis, thus obtains the signal frequency spectrum characteristic at each time, but the window intercepts cannot carry on the automatic adjustment, therefore has big limitation; the Hilbert-Huang transform is based on empirical mode decomposition (EMD), which eliminates the constraints of linearity and smoothness [5] , but is not suitable for temporal feature extraction; wavelet transform has more obvious advantages in time-frequency analysis, so wavelet analysis is used to extract fault features.
Method of Fault Diagnosis
The most widely used artificial neural network algorithm model is BP neural network [6] .BP neural network is a tutor learning algorithm. The core idea of fault diagnosis of electromechanical actuator based on BP neural network is as follows: the acquired fault feature information and the corresponding fault diagnosis result information are input into the neural network, and the offline training is carried out. In the neural network, the corresponding relationship between the fault feature and the fault mode is established in the form of weight memory. Fig.1 shows the flow of neural network training and testing after raw data is obtained. 
Establishment of EMA Model and Selection of Fault Features
Establishment of EMA Model
In this paper, AMESim software is used to model the EMA system. The complete electromechanical servo system is shown in figure 2 . The mechanical part model includes: 1. electromechanical actuator body. The upper part is the actuator of electromechanical actuator, including gear, roller lead screw, etc., in the lower part, the elastic support model of the electromechanical actuator is established, which makes the movement of the electromechanical actuator more realistic; 2. Load model. The model of permanent magnet synchronous motor is composed of four parts: 3. Current reference generator; 4. Hysteresis controller; 5. Inverter; 6. permanent magnet synchronous motor. The hysteresis control method is used in the current loop, while the current reference generator is used in the speed loop. The angular velocity of the motor shaft is transformed into the electric angle through the integral link, and it is calculated with the given reference value. Then the reference value of the current is obtained. The position loop is controlled by PID. 
Selection of Fault Features
In this paper, step signal is used as the signal of position instruction and input to the simulation model for no-load test. In the process of system response, the bus current can be divided into three stages: the starting current, the current in the rising time and the steady current that fluctuates near zero after reaching the specified position. Therefore, the starting current st i and the average current in the rising time av i can be selected as the fault characteristics of the EMA in time domain. Besides, in the rising time, the bus current is in a relatively stable stage. For the current, introducing the standard deviation can reflect the discrete degree of the current value relative to its mean value, so that it can reflect the amplitude of the current pulsation:
When the current signals ( )
x n in rise time are decomposed into n-layer wavelet packets, the decomposition signals in 2 n frequency band range are obtained. Then the energy of the j node can be expressed as follows:
Add the energy of each node together, then we can get the total energy of the signal E .
Then, The ratio of the j node to the total signal energy is:
According to the definition of information entropy [7] , using the wavelet packet energy entropy, the chaotic degree of the signal energy distribution can be determined, then the wavelet packet energy entropy can be defined as: 
Fault Injection and Feature Extraction Fault Injection
After building the model correctly and confirming the method of fault feature extraction, we need to inject the corresponding faults into the built model to get the original current signals in this state.
Considering the characteristics of AMESim software, this paper selects four faults: single bridge circuit arm open of inverter, single phase circuit break caused by winding unsoldering, gain drift of position sensor and constant drift of Hall sensor. According to the flow chart of Fig.3 , the fault features are extracted from the current signals obtained from the above faults. In addition to the feature parameters of the EMA under normal operation, the obtained data in five states can be used as the data source of the algorithm training classifier. 
Feature Extraction Result
Fault Diagnosis and Result Analysis
In this paper, three-layer BP neural network is selected for fault diagnosis. The transfer function between input layer and hidden layer is tansig type, the transfer function between implicit layer and output layer is purelin type, learning function is trainlm type and training times are 1000.
The neural network takes quantitative output as the target result. In order to make the actual digital outputs correspond to many fault modes, the output results are shown in the form of matrix, which are described as follows:
(1) Mentor data. The mentor data represents the ideal output of the fault feature sample input, taking the following matrix as an example: 
The normal and four fault modes (inverter arm circuit break, motor single phase circuit break, position sensor gain drift, hall sensor constant drift) are numbered 1-5. In matrix A , each column 
Matrix B does not represent the fault patterns corresponding to each set of samples in the form of "0" or "1". Instead, the normalized data represents the probability of five working conditions corresponding to each set of samples, and the greater the value is, the more relevant the failure mode corresponding to the value is to the set of samples. Take Table 2 . It can be seen from the table that when the number of neurons is 10, the training and test accuracy are the highest, and when the number of neurons is less than 10, the training and test accuracy are obviously decreased; When the number of neurons is more than 10, the decrease of training and test accuracy is small, but with the increase of the number of neurons, the calculation of neural network will be increased and the training time will be prolonged.
The training of BP neural network needs a sufficient number of sample data, otherwise, the prediction effect of BP neural network will be affected. In this paper, we decided to carry out experiments with different sample sizes. The test results were shown in Table 3 . It can be seen from the table that when the number of training samples is 30, the training accuracy and test accuracy of the neural network are less than 75%. With the increase of training sample, the training and test accuracy of neural network are no longer obviously changed and maintained above 95%. In conclusion, if the neural network wants to maintain a high prediction accuracy, the more suitable number of training samples is about 60.
Summary
In this paper, the AMESim simulation model of EMA is established, and the representative fault features are selected on the basis of the model; the method of acquiring original fault data by injecting fault into the simulation model is designed, and a scheme of fault diagnosis based on BP neural network is proposed. It can be seen from the diagnosis results that the fault features selected in this paper are effective and the designed fault diagnosis method is accurate and reliable.
In the same way, if the simulation model of electromechanical actuator is further improved to make the fault types of the injection model more abundant, and after obtaining the corresponding fault feature data, more comprehensive pattern recognition can be carried out.
